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ABSTRACT 



Spectroscopic high-resolution observations were per- 
formed with fiber-fed cross-dispersed echelle spectro- 
graphs in order to measure the fluctuations in radial ve- 
locities of a sample of bright stars that are likely to un- 
dergo solar-like oscillations. Here we report the results 
for (3 Vir (HR4540) from two observing runs carried out 
in February 2002 with FEROS at the ESO 1.52 m tele- 
scope in La Silla (Chile) and ELODIE spectrograph at 
1.93 OHP telescope (Observatoire de Haute Provence, 
France). The analysis of the time series of Doppler shifts 
from both sites has revealed the presence of an excess 
power around 1.7 mHz. We discuss the interpretation of 
this data set in terms of possible p-mode oscillations. 
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1. INTRODUCTION 



Precise measurements of the frequencies and amplitudes 
of p-mode oscillations for solar-like stars lead to detailed 
inferences about the internal structure and provide the 
most powerful constraint to the theory of the stellar evo - 
lution (see the review bv IChristensen-Dalsgaardl 120021) . 
Stellar fundamental parameters, most notably mass, are 
usually well specified in binary pairs. /3Vir binary sys- 
tem is an exception, it offers a challenging task to aster- 
oseismology to discriminate between possible mass es- 
timations from stellar models and astrometric measure- 
ments. The so-called mean large frequency separation 
Avq between p-modes of same degree and adjacent n, 
reflects the stellar density and scales approximately as 
Avq oc (M/R 3 ) 1 / 2 . The stellar basic parameters and 
expected values for Az/ of F9V /3Vir (HR4540, HD 
102870, HIP 57757, M v =3.61) are : 
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The observations of (3 Vir were carried out over 12 nights 
in February 2002. The run started on February 18 at 
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Figure 1. Example of the ELODIE and FEROS spectra 
(scaled intensity) in the same 5X region. Typical expo- 
sure time was 90s with ELODIE/1.93m and 40s with 
FEROS/1.52m. 

OHP and finished on February 28. The observations of 
the same star with FEROS at La Silla Observatory were 
made over five nights (February 24 - March 1). Because 
of the high pressure of the observing requests for both in- 
struments it was difficult to obtain the optimum period for 
the observation of this star. Note that the number of pos- 
sible observable targets at both sites is extremely limited. 
The candidate star for the detection of the p-mode oscilla- 
tions by spectroscopic method needs to have a solar-type 
rich spectrum of narrow lines and to have a high S/N ra- 
tio in order to attain photon noise limit in power spectra. 
Here, we report the clear detection, independently with 
two instruments, of excess power, providing evidence for 
solar-like oscillations in (3 Vir. 



2. DATA REDUCTION 



The observations with ELODIE are now largely auto- 
mated, the raw frames are reduced in real time and "only" 
2-D extracted order-pixels (1024x67) images are saved. 
The instrument and the reduction process are explained 
in Martic et al. (1999). Here we show several results 
from FEROS reduction steps since this instrument was 
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Figure 2. FEROS merged 1-D spectrum. The spectrum 
is not "flat" partly because of the energy distribution of 
the object (modified by the earth atmosphere), but dom- 
inantly by the bimodal intensity distribution of the flat- 
field spectra. 

used for the first time for the detection of the solar-like 
oscillations. The observational set-up configuration was: 

• Telescope : ESO 1.52-m telescope at La Silla 

• Spectrograph : bench-mounted echelle spectrograph 
(FEROS) with the fibres located at the Cassegrain 
focus 

• Wavelength range : 39 orders from 360 to 920 nm 

• Resolution : -48000 

• Detector : thinned and back-illuminated 2kx4k EEV 
CCD with its excellent quantum efficiency (QE = 
98 % at 450 nm) contributes considerably to the high 
efficiency of FEROS 

• Read-out noise : 3.7 and 3.5 e~/pixel for channel A 
andB 

• ThAr comparison lamp simultaneously with the star 
exposure: monitor the spectrograph variations 

At the first site (OHP), we used larger telescope but 
we got lower average S/N ratio due to seeing condi- 
tions and overall instrument efficiency (S/Nmax— 150 
with ELODIE comparing to S/Nmax- 300 with FEROS). 
Note however that several serious problems and errors 
were found in course of the reduction of the data with 
ESO/FEROS pipe-line. We corrected as much as possible 
the evident errors but full development was out of scope 
of the present work. A new pipe-line (different from the 
one for OHP data) was developed to calculate the refer- 
ence spectra, the mask spectra, quality factors etc. and 
to test the computation of the Doppler shifts from 2-D 
(39x4102) order-pixels images (see e.g one extracted or- 
der in Fig.Q or/and from 1-D merged calibrated spectra 
(see Fig. 2). 

At the beginning of each night, we observed also a B star 
for an another ESO program. The spectrum of a B star 



Figure 3. f3 Vir spectrum ( in green ) superposed to the one 
from HR2142 in the spectral region contaminated by the 
telluric lines. 



Time series of Doppler shifts from the FEROS calibration fiber 




Figure 4. Curve of the FEROS spectrograph motion on 
February 28, 2002. The extracted spectra from the sec- 
ond fibre (ThAr) were used to determine the instrument 
stability during the night. 



allowed to produce a good mask for the contaminated 
spectral range and also to locate the slopes or unusual 
gradients over the extracted orders. Fig. [5] shows a (3 Vir 
spectrum (in green) superposed to the one from HR2142 
in the spectral region contaminated by the telluric lines. 

In order to obtain the high precision in determination of 
spectral line displacements we proceed in the following 
manner: At first, the guess value for the Doppler shift is 
obtained from the comparison of the 1-D merged spec- 
trum with the reference one. The current spectrum is 
then numerically shifted for this guess value. Note that 
we stretch spectra instead of simple shift. Residual small 
shifts are then calculated for each order from 2-D frames. 
The method used for Doppler shift calculations is op- 
timum for small velocity displacement and gives better 
precision than the correlation technique. We have dis- 
covered that the FEROS instrument had large oscillatory 
motion during the night (see Fig.|3. The amplitude of the 
oscillation from one night to another varies from 100 to 
150 m/s with a period around one hour. The main reason 
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Figure 5. Doppler shift measurements over 10 nights 
from two-sites observation of (3 Vir : Elodie (in green), 
FEROS (in black). . 
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Figure 6. Joint observations over one night: Elodie ( in 
green), FEROS (in black). 



is probably due to imperfect temperature regulation. For- 
tunately the frequency of the FEROS temperature regula- 
tion/motion is well below the star oscillatory signature. 



RADIAL VELOCITIES 



j3 Vir was observed over a campaign of twelve nights 
(2002, February 18-1 March). Telescope time accorded 
by the scientific committees allowed to have four nights 
of co-ordinated measurements at OHP and La Silla Ob- 
servatory; because of the weather condition at OHP only 
two nights overlap. In Fig. [5] we display the resulting 
velocity measurements over 10 nights with ELODIE and 
FEROS. For each night and instrument, radial velocities 
were computed relative to the reference spectra. 

In Fig. [6] we show the dispersion of joint observations 
ELODIE/FEROS over one night. The typical rms for one 
night with ELODIE is of the order of 4m/s. The higher 
dispersion of the FEROS measurements is due to the er- 



Figure 7. Power spectrum of the Doppler shift mea- 
surements, computed with 0.4 /iHz resolution, from joint 
ELODIE/FEROS observations. The inset shows the 
power spectrum of the window function for a signal am- 
plitude of 1 m/s and the same sampling rate as the obser- 
vations. 



rors of a new guiding system (for a bright star the centre- 
of gravity method is used). 



4. POWER SPECTRA ANALYSIS 



For the power spectra analysis, different velocity time se- 
ries were constru cted, depending on th e window function 
and data quality dMartic et al.L I2002T) . The weights are 
assigned to each data point according to its estimated un- 
certainty in the velocity measurement. Here we present 
the results obtained using only local weights, for the com- 
putation of the power spectra, and witho ut weights, for 
the c omputation of the Cleaned spectra dRoberts et all 
119871) . O ne can change sign ificantly the noise/alias con- 
tribution dBufler et alll2004> by adjusting the weights for 
the data obtained with different precision from two instru- 
ments. This optimization process for the weights (which 
degrades the window function) has still to be tested. 

In Fig. we show the power spectrum of the Doppler 
shift measurements from joint ELODIE/FEROS observa- 
tions. The data are not filtered at low frequencies. The 
excess power between 1.2 and 2.3 mHz, is the signature 
of solar-like oscillations in /3 Vir. 

By comparing the power spectra from Elodie and FEROS 
separate observing runs (see Fig. [8} one can see that 
the hump of excess power consistent with oscillations, 
centred at about 1700 /iHz is present in both spectra. 
This confirms the stellar origin of the excess power de- 
tected independently with two instruments on two differ- 
ent sites. 

To estimate the large frequency separation Aisq between 
p-modes of same degree and adjacent n in the region 
of e xcess power we use d the comb response method 
(see lKjeldsen et allll995l) . Because of the interaction of 
modes with different phases, daily gaps and noise which 
suppress and/or reinforce peaks by mixing multiple fre- 
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Figure 8. Comparison of the power spectra from Elodie 
( in green ) and FEROS ( in black) observing runs. 
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Figure 9. Comb responses computed at two central fre- 
quencies of the power and cleaned spectra of the com- 
bined velocity time series. 



quencies in power spectra (see iMartic et all 120041) . we 
obtained the maximum Comb response for the two possi- 
ble values of the large frequency spacing: Azyn=85.5 /iHz 
from the power spectrum and A^o=74.5 /iHz from the 
corresponding Cleaned spectrum of the same time se- 
quence. Comb responses (CR) computed at two central 
frequencies of the power and cleaned spectra time se- 
ries are shown in Fig. [9] The maximum CR from the 
power spectrum is probably shifted (dashed line) because 
of more important contribution of the aliases. 

In Fig.^| we show an example of th e CLEAN-est spec- 
trum computed with the local weights JFosteilfl995l) . The 
color lines in the figure correspond to the frequencies 
from the asymptotic relation with a mean large splitting 
of 74 /xHz. Some peaks correspond probably to the side- 
lobes (at ± 11.6pHz) chosen by CLEAN-est procedure 
instead of the central peaks in power spectrum. 

By adjusting the weights for two instruments we expect 
to obtain better determination of the large splitting l\vq. 
The frequency spacing of 74 /iHz, as determined from 
present comb analysis, is consistent with theoretical pre- 
dictions for (3 Vir and will be compared with the results 



Figure 10. Example of the CLEAN-est spectrum com- 
puted with the local weights (Foster, 1995). The color 
lines in the figure correspond to the frequencies from the 
asymptotic relation with a mean large splitting of 74 [iHz. 



from evolution models JFernandes & Monteiroll2004l) . 



5. CONCLUSION 



The observations of /3Vir show the presence of an ex- 
cess power around 1 .7 mHz, which is likely to be due to 
solar-like p-modes. It was detected independently with 
two instruments (FEROS and ELODIE) on two different 
sites and using different calibration methods (simultane- 
ous thorium and channelled spectrum from Fabry-Perot 
interferometer). The estimation of the upper limit for the 
detection of the oscillation amplitude is about 45 cm/s, in 
agreement with expectations for this star. The identifica- 
tion of the p-modes frequencies is in progress and will be 
presented in the next paper. 
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